diseases and certain prion diseases. In addition, autophagy is unique as a mechanism that can remove entire organelles, an important task beyond the abilities of the proteasome that allows for the removal of damaged or obsolete organelles, potentially eliminating oxidative stress or allowing cellular remodeling. 
Darwin's book is about adaptation and the origin of varieties and has surprisingly little to say about selection and "the origin of species -that mystery of mysteries". To be fair to Darwin, it was not for another 80 years or so that the modern view of the species was developed. The 'biological species concept' defines a species as one or more populations of potentially interbreeding organisms that are reproductively isolated from other such groups. Humans and chimps are today separate species not only because we are genetically and phenotypically distinct, but because we are reproductively isolated. Neither finds the other attractive when choosing a mate ('premating isolation') and very likely, hybrids are inviable or sterile ('postmating isolation'). Reproductive isolation is therefore the most salient evolved feature of a species, at least in sexual organisms. Even 'good' species may hybridize once in a while, but to meet the species criterion the flow of genes between them must be negligible. The study of speciation is therefore the study of how reproductive isolation evolves, premating or postmating, between populations.
Natural selection is the differential survival or reproductive success of individuals differing in phenotype within a population. Sexual selection, by contrast, is the differential mating success of phenotypically different individuals. These two processes are the most potent drivers of evolutionary change within populations. Here we shall consider some of their contributions to the buildup of reproductive incompatibilities between populations -the origin of species.
Obstacles to speciation
Speciation is intimately tied to genetic divergence between populations (Figure 1 ). On average, the greater the genetic distance between any pair of populations or species, the lower the frequency of mating and fertilization events, and the lower the mating success, fertility and viability of hybrids. What could be simpler to understand? Yet, speciation is not always easy. The two main obstacles are gene flow and, paradoxically, natural selection. To appreciate both, imagine a few small-beaked finches blown to a little remote island containing both small and large seeds in mixed patches. Small beaks are best adapted to feeding on the small seeds, but a large beak increases ability to handle the large seeds. Intermediate beaks are inferior on both seed types. Imagine further that beak size is determined by two genes that behave additively: the small-beaked colonists are aabb whereas the optimal beak for handling large seeds is AABB.
This scenario appears to be ripe for a speciation event, one yielding two reproductively isolated species each adapted to a different seed size. Will it happen? Possibly yes, but probably not, for two reasons. First, evolving a large beak faces the problem that every new mutant individual -aaBb or aAbb -has lower fitness and is selected against (the fitness valley problem). Second, even if the fitness valley could somehow be crossed, and AABB genotypes generated, gene flow hinders the evolution of reproductive isolation between the beak types. Imagine a mating locus with two alleles: allele p predisposes its bearer to mate with small beaked individuals, whereas birds with allele P prefer large beaked individuals as mates. Natural selection will increase the frequency of aabbpp and AABBPP genotypes because they are best adapted to the environment and make the fewest inferior (heterozygote) offspring. to lay eggs on their own type of fruit, and as mating too occurs on the fruit, premating isolation has followed. It is likely that the new host-race arose and accumulated genetic differences in sympatry, but some genes underlying adaptation to apples reside in a chromosomal inversion that originated in Mexico. Northward spread of this inversion, and its associated genes, probably facilitated adaptation to apple. Selection on a mix of genetic variation produced in sympatry and allopatry appears to be driving speciation between hawthorn and apple maggot flies.
Natural selection
Natural selection is probably involved in most cases of speciation. Many scenarios are possible, but here we focus on two of the most likely. In the first, reproductive isolation evolves between populations as a byproduct of divergent natural selection that favors different genotypes in contrasting environments. Selection does not directly favor the evolution of reproductive isolation, at least not initially. Rather, selection favors alternative morphological, physiological and behavioral traits in contrasting environments, and some of these differences incidentally yield premating and/or postmating reproductive incompatibilities between the populations. The key feature of this process is that speciation is environment driven. Important evidence for this process comes from cases in which reproductive isolation has evolved independently multiple times across similar environmental gradients ('parallel speciation'). Threespine sticklebacks (Gasterosteus sp.) provide several examples. Reproductively isolated pairs of species inhabit small lakes of coastal British Columbia, Canada. Each pair consists of a large-bodied 'benthic' species adapted to feeding in the littoral habitat of lakes, and a smallbodied 'limnetic' species feeding in open water on zooplankton. Each pair appears to have an independent origin, yet reproductive isolation is strong not only between the species within a lake, but also between the phenotypically different forms from different lakes (Figure 2) 
Sexual selection
Sexual selection occurs when individuals of one sex (for example females) preferentially mate with members of the other sex (males) according to trait differences, or when differences between males affect competition among them for access to fertilization. The evolutionary outcome of such selection has produced the extravagant colors, sounds, genital shapes and behavioral displays that characterize male courtship and mating behavior in many animal species. The targets of selection may have nothing to do with adaptation to environmentindeed, they are usually hazardous for the male to bear.
The reason we think sexual selection is important to speciation is that so many closely related species in nature differ in these secondary sexual characters, often more so than in other traits. A classic example is the Haplochromine cichlids of Lake Victoria. Although they have diversified into many ecologically different groups, many closely related species are similar in ecology yet very different in male coloration. There is evidence that females use color to identify males of their own species and that they prefer the most colorful males. Taken together, these patterns imply that sexual selection has somehow contributed to the divergence in color, with the result that males of each species are unattractive to females of the other species.
The other evidence for sexual selection in speciation is even more indirect. It is based on the finding that animal taxa with apparently high levels of sexual selection are often excessively species rich. For example, insect Evidence of speciation by sexual conflict comes mainly from insects. For example, the eggs of female flour beetles (Tribolium castaneum) are preferentially fertilized by the sperm of males from their own population. This strongly suggests coevolution between male and female reproductive function, possibly because of sexual conflict. Examples from traits other than sperm-egg compatibility are few.
One step speciation
Plant speciation involves all of the above but plants also routinely speciate in a single step by a process much rarer in animals: polyploidization, or chromosome doubling. Production of unreduced gametes in hybrids between two species is often the impetus, yielding a new polyploid species combining both parental genomes but largely reproductively isolated from them by the low fertility of triploid offspring. The result is a 'hopeful monster,' a new species represented by a single individual. Its initial success is aided by the ability to self-fertilize or by the generation of other individuals by repeated independent polyploidization events. A polyploid species may similarly derive from fusion of unreduced gametes from a single parent species, without hybridization. Polyploidization is genetically the most recognizable mechanism of speciation. A recent estimate suggests that 2-4% of speciation events in flowering plants involved polyploidization, but this is likely an underestimate because repeated origins of the same polyploid are not counted, and many polyploids in nature are not given distinct species status by taxonomists. Selection plays an important role in generating ecological differences between the new polyploid species and its ancestors, facilitating persistence.
Hybridization can also produce new species without polyploidy, by the production of novel hybrid genotypes whose traits may lie well beyond those of the parent species. The process is facilitated by the availability of a novel habitat to which hybrid genotypes are better suited than the parents. Spatial separation combined with strong selection on the new hybrid population reduces gene flow from the ancestral populations and can bring about further reproductive isolation as a by-product.
Sunflowers in the genus Helianthus provide the best known examples of hybrid speciation without polyploidization in nature driven in addition by strong selection. H. annuus and H. petiolaris have produced three identifiably distinct hybrid species, each confined to a unique environment stressful to both parental species (Figure 3) . Experiments using artificially created hybrids have shown that some hybrid genotypes have much higher fitness than parental types when placed in these stressful environments.
Where to next?
Our understanding of the process of speciation has increased greatly since Darwin first proposed a central role for natural selection. Much of what we now know has come from research conducted over the past two decades. The picture emerging is that speciation is a process that results from the same forces responsible for most change within species: natural and sexual selection. Nonetheless, there are still many areas that require investigation.
The 'top down' or phenotypic approach to studying speciation has found evidence for selection on ordinary phenotypic characters shown also to underlie premating and postmating isolation. This approach has yielded little, however, about the genetic basis of reproductive isolation. For example, we do not know yet if species differences are based on many genes of small phenotypic effect, or if few genes of large effect are most important in causing divergence and reproductive isolation. This has made it difficult to pinpoint exactly how natural selection has led to divergence in most cases. The rapid transition from larvae to settlement and then maturity is recorded in the calcareous 'earstones' (otoliths) of fishes by the deposition of periodic concentric rings; these provide not only a sensitive record of time but a chronological 'black box' which imprints the age at which important events take place [2]. Each day, pygmy gobies lay down a new ring in their otoliths, much as a tree does for each year. We collected 319 E. sigillata specimens from the Great Barrier Reef over both summer and winter periods. Age was determined after validation of daily otolith ring deposition, and sexual maturity status identified using histological techniques. A settlement 'check' mark in the otolith at 23-27 days marked the transition from open ocean larvae to settlement on the reef. Analyses of the largest individuals showed that E. sigillata has a maximum total lifespan of 59 days, with a maximum postsettlement lifespan on the reef of just 35 days, of which at least 10 are taken to reach sexual maturity ( Figure 1B) 
